Carbon dioxide is expected to be employed as an inexpensive and potential feedstock of C 1 sources for the mass production of valuable chemicals and fuel. 
Introduction
Carbon dioxide, the waste from human activity embodying the nature of high thermodynamic stability and chemical inertness, is expected to be employed as an inexpensive and potential feedstock of C 1 sources for the regeneration of valuable chemicals and fuel.
1,2
Nature developed carbon monoxide dehydrogenase (CODH) to harbor a Ni-Fe cluster for the reversible interconversion between CO 2 and CO. [3] [4] [5] To gain insight into the mechanism for the conversion of CO 2 to CO in CODH, several Ni-CO 2 adducts derived from the reaction of a low-valent Ni complex and CO 2 were reported. [6] [7] [8] [9] The direct electrochemical reduction of CO 2 affords oxalate, carbon monoxide, formic acid, methanol, methane, and ethylene. 10 To gain insight into the transformation of CO 2 at a molecular level, the chemistry of the activation of CO 2 via nucleophilic attack/interaction on the polarized C center, in addition to the reduction of the coordinated CO 2 ligand by low-valence transition metal complexes, has grown explosively over past years.
11
The versatile chemical transformations of CO 2 , i.e. insertion of CO 2 producing bicarbonate/acetate/formate, [12] [13] [14] [15] [16] [17] [18] cleavage of CO 2 yielding m-CO/m-oxo transition-metal complexes, [19] [20] [21] [22] [23] reduction of CO 2 affording CO/HCOOH/CH 3 OH/CH 4 /C 2 H 4 /C 2 H 6 /methylene, and electrocatalysis of CO 2 converting it into oxalate, were well documented. [24] [25] [26] The direct electrochemical reduction or electrocatalytic transformation of CO 2 for the mass production of valuable chemicals and fuel, however, relies on the consumption of sustainable electric potential energy. Here we show a novel pathway for the reductive activation of CO 2 by a mononuclear Ni(III) complex [Ni III (OMe)(P(C 6 H 3 -3-SiMe 3 -2-S) 3 The accompanied formation of [cOMe] in the reaction described above was corroborated using the spin-trapping reagent DMPO (ESI Fig. S1 †) . 29 The X-ray absorption/emission spectrum A Ni and S K-edge X-ray absorption spectroscopic (XAS) study of complex 2 was further attempted to investigate its electronic structure using complexes 1 and 4 as reference complexes. As shown in Fig. 3A , the Ni K-edge XAS of complex 2 (8333.1 eV) together with analogous complexes 1 (8332.9 eV) and 4 (8332.7 eV) shows a similar Ni 1s -to-Ni 3d transition energy. Accordingly, the Fig. 3B and ESI Fig. S4 † depict the S K-edge XAS spectra of complexes 1, 2, and 4, whereas ESI Fig. S5 † shows the calculated S K-edge XAS spectra and spectral deconvolution. As shown in Table 1 , the intensityweighted average energy of the S 1s -to-Ni 3d transitions in combination with the S 1s -to-S * C-S transition energy demonstrate that the Ni 3d manifold orbital energy of complex 2 is 0.3 eV higher than those of complexes 1 and 4. 33, 34 With further regard to the Ni 1s -toNi 3d pre-edge transition energy observed in the Ni K-edge XAS, Ni Z eff of complexes 1, 2, and 4 are all comparable. That is, the Ni and S K-edge XAS study supports the [Ni Fig. 4A and B) . 36 The spin quantitation of complex 2, using complex 4 as a reference, demonstrates that the electronic structure of complex 2 is best described as a resonance hybrid between a The peak energy is determined by the minimum of the second derivative. b The peak energy and intensity is determined based on the spectral deconvolution.
c The intensity-weighted average energy is given here. d Calculated from the difference of the thiolate peak energy and the intensity-weighted pre-edge peak energy. 
